Abstract: A sound reproduction system, consisting of a small array of loudspeakers, is described which enables different persons, having different preferences for the loudness levels, to listen in one room to one sound programme at different loudness levels.
Introduction.
A sound reproduction system has been made which can be used when in one room two persons want to listen to the same sound programme at different loudness levels. This situation can occur when one of the person's hearing is impaired. Figure I shows schematically the situation. It is assumed that person A is hearing impaired, while person B has a normal hearing threshold. The sound is focussed in the direction of person A by using a loudspeaker array on top of the television (TV).
Loudspeaker array.
The array consists of 9 loudspeakers placed on one line (x-axis). The x-coordinates in metres are given in the second row of Table I . The loudspeakers are symmetrically excited (see third and fourth row of Table I ), thus five filters are used. The centre loudspeaker was excited over the full frequency range, the outer loudspeakers only for the low frequency bands. As examples are given in the third and fourth rows of table I the excitation coefficients, in dB, for two l/3 octave bands. The response of the five filters is linear with equal delay. Results of sound pressure level (SPL) measurements in the anechoic room and the room where the listening tests were done, are given in Table II ; the differences in SPL-value (in dB) in l/3 octave bands at position A and B are given. The volume of the listening room was about 166 m3.
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Evaluation of the reproduction system.
Listening tests have been done with normal hearing and hearing impaired subjects. The pure tone air conduction threshold of the normal hearing subjects (6) participating in the experiment did not exceed 15 dB HL (Hearing Level) at the octave frequencies from I25 to 8000 Hz. The hearing impaired subjects (18) were people who could "not or hardly" understand the newsreader on the radio playing at normal volume, and who found this hindrance annoying, In the listening tests the loudspeaker array system (array) is compared to a single loudspeaker system (Is); both are placed near the TV. The test material consists of 120 short everyday Dutch sentences spoken by a female speaker; the sound was accompanied by the TV picture of the speaker (lip-reading was allowed). Also noise was added in the test, three levels were used: 40,50 and 65 dB(A) at the listening position. There are thus six test conditions: two systems (array and Is) each at three noise levels. The normal hearing subjects, sitting at position B, had to adjust for the six conditions the sound level till a 'comfortable' listen level was reached. The hearing impaired subject was sitting on position A, and was asked to repeat each of the sentences. The percentage of correctly repeated sentences was denoted the percentage sentence correct score. Table III shows the percentage sentence correct score of the 18 hearing impaired subjects. The table shows that the number of 100% correct increases from 8 to 35 when using the array instead of a single speaker (Is). The scores in all conditions have either increased (43) or stayed the same (I 3). Besides this test on correct sentence score a second subjective evaluation was done. After every block of 20 sentences (after every condition tested) the subject was asked to rate the speech intelligibility on a scale from 1 to 10, from completely incomprehensible to effortless understanding. A 100% sentence score obtained by using speech reading from the face usually costs more effort than the same score obtained by listening to speech at a sufficient soundlevel. There were 10 hearing impaired subjects participating in this part of the experiment. Figure 4 shows graphically the result. 
Conclusion.
The listening tests show that with a loudspeaker array in the TV the listening conditions for hearing impaired persons can be improved. A next step could be to use adaptive filters for the array, such that the main lobe can be adjusted in any desired direction. This work is part of a MSc. thesis by J.G.H. van Zutphen ; University of Twente, report EL BSC 053N97.
